
 

NP
P Problems that have pokstime algo

NP Problems thathas non deterministic poly time ago

If yes we can guess

SAT satisfiability

Given I variables is xn

2 clauses C i Cm

Ci xe v7 Xu

Find if assignmentof T F to x xn

sit all clauses



Obviously P NP aubuc rambve

Question P NP

NP problems that admit a poly size certificate proof and a

detr.ae ff
a haaemmm

Given two decision problem A B a reduction is a mapping

from all instances 1 of A to I'of B sit

ALI YES B I YES

def polytime reduction

Given two decision problems Aand B poly reduction is a

poly time ago that maps am I of A to can I of B sit

ALI YES BII YES
598

We say AGB cryto



Claim Given A pB then a polytime B implies a polytine A

f Consider reductionRIfromA.to
R in poly time RFII1 poy III

Lee at most RABIIII bits
1

an

No

Reduction is transitive A pB B pC A pC



def NP hardness

a decision problem A is NP hard if BENP B pA

def NP completeness

a decision problemA is NP complete if

I A ENP

2 A isNP hard

E.fi ia aiann



Cook Levin Theorem

3 sfftisNPompletenegat.inoptional
Given variables Xii Xn

clauses c Cm Ci XeVXe V7 Xes

Find an assignmentof T F to all is Xn sit all Ci cm satisfied

Thm 3SAT is NP complete SAT p 3 SAT

Pf Goal Find an algo that converts I of SAT to I of 3SAT sit

I is satisfiable I is satisfiable

Idea Replace OR AND NOT gates with clauses that has 3 vars

a buc aubuc X aus n are

as bac aviva x a v5 n ane

a 5 avb x a v5



For clauses that has two vars Aub arbux avbvx ̅

aimamkTI.ir

Q a clique in G of size k KK

claim clique is NP hard

SAT p 3SAT p CLIQUE

For ever clause C add variable withnegation it has

to the vertex set

E connect all but complement alsonot insideclause

Claim G has a clique of sizeM_ I has a satisfying assignment

For each clause pick one literal that evaluates to
true

These literals selected for a clique of size m



It a clique of size m

Notice all vertices of this clique comes from unique
clauses

m diffent clauses m vertices

pick vertex u
associated w clause C

a valid assignment no
conflic

us T if u is in C a satisfying assignment

I iii.am
Given G VIE IV n.IE m constant k is there an independent set

SEV sit 151 6 and no two vertices is 5 share an edge

This is NI since we have polytime
verifier we can certainlyguess construct the

answer in poly time non deterministically

Show this is NP hard SAT CLIQUE PENDIET



CLIQUE IND SET

an 1
0

So idea is to construct Gfv E

Claim G has an independent set of size k Ghas a cliqueofsize k

Pf Given ind set of II
Similar



Vertex Cover Problem

1 Given G V E

2 SEV is a vertex cover iff e u v E E either nes or VES

Q S w IS K

This is NP hard IN D SET p Vertex
cover

Claim G has an independent set of size k

Ghas a vertex cover of size n k

S is a vertex cover VIS is an ind set

of Assume V15 is not an IS then noV EVIS sit no v EE

But Uo V is not in vertex cover Contradiction

Assume S is not a vertexcover thengives
but

EEE
UNEVI us not ind set



IntegerLP

Ax b ER

Xi is integer I In

Claim ILP is NP hard

vertex cover p ILP

VEG Yv if S

II
constraints



3 SAT p Hamiltonian Cycle

Given 1

xi construct

Italse

var in 3SAT

FEET exponential of

possible ham cycle

2

structure S level 1 level 2 been t



Clause gadget Ci V Y VZ

Introduceatnewgadget Cr liv livek
Cr

Xi nxi

draw
in Cr in 05

edges

if Xi li
cr

o

Claim I of SSAThas an assignment
Ghas hamiltonian cycle



3D matching

det Let X Y Z be finite
sets


